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LESIONS IN RABBITS PRODUCED BY STREPTOCOCCI 
FROM CHRONIC ALVEOLAR ABSCESSES* 

A. M. Moody 

From the Pathological Laboratory of St. Luke's Hospital, Chicago 

The literature contains no reference to results from the injection of 
animals with strains of Streptococcus viridans from chronic alveolar 
abscesses in persons who, in other respects, are in perfect health. This, 
it seems to me, is a field which has to be thoroughly studied before one 
has the right to conclude that bacteria isolated from individuals with 
more remote processes possess an elective affinity for similar tissues in 
animals into which they may be injected. The idea is one which should 
be applied to the study of streptococci from other foci of infection as 
well as the one considered in this paper. Rosenow's 1 valuable work on 
the elective affinity of streptococci demands a complementary study of 
freshly isolated strains from normal individuals. His miscellaneous 
group may include, to a certain degree, the results of such a study. 
He has demonstrated, moreover, that laboratory strains lose the power 
to produce the high percentage of lesions produced by strains recently 
isolated from foci of infection. Henrici, 2 working with Hartzell, made 
bacteriologic examinations and some animal inoculations with material 
from chronic alveolar abscesses in patients with systemic disease. He 
described especially the lesions of the heart, aorta, kidneys, and joints 
in 24 animals which had been injected with large doses of Strepto- 
coccus viridans. 

Since this paper is concerned primarily with animal experimenta- 
tion in connection with Streptococcus viridans from chronic alveolar 
abscesses, no mention will be made of the literature on the bacteriology 
of such foci of infection. 

With the reports cited in mind, a study was begun to determine 
as far as possible what Streptococcus viridans isolated from chronic 
alveolar abscesses would do when injected into the blood of young 
rabbits. The points to be considered were the following : ( 1 ) What is 
the relation of Streptococcus viridans in chronic alveolar abscess to 
systemic disease? (2) What properties of elective localization does 

* Received for publication April 28, 1916. 

1 Jour. Am. Med. Assn., 1915, 65, p. 1687. 

2 Ibid., 64, p. 1055. 
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this organism possess? (3) What kind of lesions follow injection 
of Streptococcus viridans isolated from individuals who otherwise 
are in perfect health? (4) Do the lesions occurring in rabbits injected 
with this streptococcus warrant the conclusion that similar lesions 
are apt to follow the more gradual invasion of the human body 
with a like strain of the organism in question ? 

For the study of these questions, a definite but simple technic was 
followed in the collection of material, in the bacteriologic examination, 
and in the method of injection. 

The material examined was collected by Dr. T. L. Gilmer from 55 of his 
patients. The abscesses selected were all of the chronic walled-off variety, 
located at the roots of the teeth and having no connection with the mouth 
cavity. The pus was received in sterile sealed glass capillary pipets, into 
which it had been drawn free from contamination with mouth bacteria. Of 
the 55 patients 49 yielded cultures suitable for animal experimentation. Of 
the remaining six 4 gave sterile material, and 2 gave pus that had to be dis- 
carded because of the presence of contaminating organisms. 

The pus, even tho extremely small in amount, was diluted in from 1 to 
2 c.c. of broth and thoroughly mixed. Cultures were made in 4 different ways, 
one-fourth of the amount being used for each method, as follows : aerobic 
cultures in blood-agar plates, and in ascites-dextrose broth, anaerobic cultures 
on blood-agar slants (Wright's method), and shake cultures in tall columns 
of ascites-dextrose agar. The ascites-dextrose broth was put up in centrifuge 
tubes containing just 10 c.c. of the medium. 

The aerobic growths yielded in nearly every instance pure cultures of 
Streptococcus viridans. Occasionally stray colonies of staphylococci and 
hemolytic streptococci were found. In the first 12 cases of this series, only 
blood-agar plates and occasional anaerobic slants were used. 

The bacteriologic technic used was essentially that followed by Rosenow, 
to whom I am indebted for advice as to details of method. A smaller dosage 
of organisms for injection was employed in this series than was used by 
Rosenow, and the animals were allowed to live a longer time after injection. 

At the end of from 18 to 20 hours' incubation at 37 C. the broth culture 
was sedimented at high speed (4000 revolutions per minute), the sediment was 
taken up in 5 c.c. of physiologic salt solution, and from 1.5 to 2 c.c. of this 
were immediately injected into the ear vein of each of 2 rabbits. Blood- 
agar-plate cultures were then made of the suspension to determine the organ- 
ism and also the approximate number contained in each cubic centimeter. This 
number averaged about 125 millions to the cubic centimeter. The animals 
injected with streptococci isolated from the first 12 patients received from 
two to three times the dose given in the remainder of the series. 

At the same time transfers were made from the isolated green colonies of 
streptococci in the blood-agar plates of the original material. These were 
inoculated into ascites-dextrose broth to be used after 18 hours' incubation 
for the injection of 2 more rabbits in the manner described. 

The rabbits used averaged about 1000 gm. in weight. After injection they 
were allowed to live for from 5 to 8 days (in only a few instances longer), 
and then were killed with chloroform and immediately examined. The routine 
of the postmortem was systematically to examine every part of the body, 
including the skin and nervous system. All pathologic conditions were recorded 
as soon as discovered. 
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One hundred seventy-eight rabbits were thus injected with pure 
strains of Streptococcus viridans, isolated as stated. 

In from 36 to 48 hours after injection the majority of the animals 
developed a stiffness and remained rather inactive. Those in which 
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Chart 1. Comparative study of deaths occurring in rabbits injected with streptococci from 
the various members of Groups A, B, and C. 



no permanent lesions developed, recovered shortly, and when killed 
disclosed no trace of the cause of the stiffness. 

Only 27 of the 178 rabbits died following the injection; the others 
were killed with chloroform (see Tables 1, 2, 3, and 4, and Charts 1, 
2, 3, and 4 for results of the inoculations). 
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The patients from whom material was received were divided into 3 
groups with respect to a study of selective localization: Group A 
comprised 15 patients suffering from chronic alveolar abscess and 
articular rheumatism; Group B, 15 patients suffering from chronic 
alveolar abscess and some systemic disorder other than articular 
rheumatism; Group C, 19 patients suffering from chronic alveolar 
abscess unaccompanied by any other illness. 

TABLE 1 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group A 





Clinical Diagnosis 
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TABLE 2 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group B 



Case 



Clinical Diagnosis 
in Addition to 

Chronic Alveolar 
Abscess and 

Systemic Disease 



Num- 
ber of 
Ani- 
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In- 
jected 



Percentage of Animals Showing Lesions in 
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Neuritis, abdomen ? 

Appendicitis recently; rheuma- 
tism 5 years ago 

Herpes zoster; acute gastric ulcer 
Gastritis ; sciatica 



Myocarditis 
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Chronic duodenal ulcer. 
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Acute gastric ulcer.. 
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Lesions were produced more frequently in the stomach, muscles, 
joints, endocardium, kidneys, and jaws in the order mentioned. Strains 
isolated from the patients having articular rheumatism (Group A), as 
a rule, produced a higher percentage of lesions in the usual regions of 
localization than did strains from patients in the other groups. There 
were, however, certain variations (see charts), the most notable being 
the production of hemorrhages in the stomach by organisms from 



TABLE 1— Continued 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group A 
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TABLE 2— Continued 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group B 
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Groups B and C. The gross lesions were chiefly hemorrhages of 
varying degrees of intensity and, in many instances, suppuration. 

In the stomach mucosa, in a high percentage of the animals injected, 
there were small hemorrhages without any sign of ulceration. When 
present, the ulceration was usually a hemorrhagic erosion rather than a 
true ulceration. The true ulceration into the deeper tissues with poly- 

TABLE 3 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group C 



Case 



13 
IS 
19 
20 
21 
22 
24 
27 
30 
31 
32 
40 
43 
45 
48 
53 
54 



Clinical Diagnosis 

in Addition to 

Chronic Alveolar Abscess 



Blood pressure, 240 

Fistula 

Appendicitis 2 years ago 

Recently acute 

Slight anemia 



Num- 
ber of 

AnI 

ma: 

In 



jeci 



:ed 



Percentage of Animals Showing Lesions in 



Appen- 
dix 



Stomach 



Hemor- Ulcer 
rhage 



50 




50 

75 
50 
75 
50 
25 


25 
25 
25 
50 
25 
50 


25 







50 


25 



25 





25 





25 



Gall- 
blad- 
der 









25 
25 

25 













Pan- 


Intes- 


creas 


tines 




















25 




















25 








25 





25 




























































TABLE 4 

Comparison of Groups A, B, and C with Respect to the Averaces of the Percentages 

Given in Tables 1, 2, and 3 





Number 

of 
Cases 


Number 

of 
Animals 
Injected 


Percentage of Animals Showing Lesions in 


Group 


Appen- 
dix 


Stomach 


Gall- 
bladder 


Pan- 
crease 


Intes- 
tines 
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Ulcer 




A 
B 
C 
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19 


50 
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71 


1.7 
1.7 
0.0 


35.7 
50.0 
37.3 


10.0 
13.3 

7.9 


10.0 

7.2 
3.9 


13.0 
3.3 
3.9 


3.3 
3.3 

1.3 


35.4 
22.2 
21.0 


Total 


49 


178 


1.1 


41.0 


10.4 


7.0 


6.7 


2.6 


26.2 



morphonuclear infiltration and inflammatory exudation was found in 
but few instances. 

The lesions in the muscles were, to the naked eye, regions of 
hemorrhage, and were usually located near the tendinous end, tho 
frequently occurring also in the belly of the muscle. 
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Suppuration was most common in the joints Of 47 rabbits having 
joint lesions, only 3 showed hemorrhage alone as the gross pathologic 
lesion. The remaining 44 rabbits had macroscopic pus in one or more 
joints. 

In the heart small hemorrhages occurred in the endocardium, 
especially in the right ventricle near the base of the tricuspid valve. 

TABLE 3— Continued 

The Percentage of Rabbits Showing Lesions Following Intravenous Injection of 

Streptococci from Chronic Alveolar Abscesses in Members of Group C 
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TABLE 4— Continued 

Comparison of Groups A, B, and C with Respect to the Averages of the Percentages 

Given in Tables 1, 2, and 3 



Percentage of Animals Showing Lesions in 


Pericar- 
dium 


Endocar- 
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Myocar- 
dium 


Mus- 
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Kid- 
ney 


Lungs 


Skin 


Eye 
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0.0 
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These hemorrhages were found in all parts of the heart. In only one 
instance (Rabbit 488 inoculated with material from Case 3) was there 
a well-developed vegetative mitral endocarditis. This animal, which 
was killed 8 days after injection, had, in addition to the heart lesion, 
multiple infarcts in the kidneys and spleen. 
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The kidneys revealed small hemorrhagic foci usually beneath the 
capsule and scattered throughout the cortex. There were very few 
instances of the development of an acute diffuse nephritis, but many 
instances of marked acute fatty changes. 

In the lower jaw below the incisor teeth and beneath the periosteum, 
there frequently were seen marked hemorrhages similar to those 
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Chart 2. Comparative study of stomach hemorrhages occurring in rabbits injected with 
streptococci from the various members of Groups A, B, and C. 

described by Jackson and Moody. 3 These hemorrhages were not of 

an inflammatory nature, tho bacteria could be demonstrated in them. 

A suppurative cholecystitis developed in one animal (Rabbit 552) 

injected with streptococci from Case 14. This rabbit was allowed to 

3 Jour. Infect. Dis., 1916, 19, p. 511. 
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live 13 days after injection. Streptococcus viridans was recovered 
from the pus in pure culture. The other instances of gallbladder 
involvement were characterized by the presence of small hemorrhages 
in the mucosa. 

Lesions in the other organs and tissues of the inoculated animals 
were marked by the presence of small focal hemorrhages. 
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Chart 3. Comparative study of muscle lesions occurring in rabbits injected with strep- 
tococci from the various members of Groups A, B, and C. 

Microscopical examination, as far as made, corroborated the gross 
findings. Cultures of the lesions and pus were made only in selected 
instances, as all animals received relatively large doses of living organ- 
isms which, if recovered from the tissues, would not have given any 
new information. 
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SUMMARY AND CONCLUSIONS 



Streptococcus viridans may cause disease in various parts of the 
rabbit's body. 

The lesions produced by organisms from persons without systemic 
disease are identical in character with those produced by organisms 
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Chart 4. Comparative study of joint lesions occurring in rabbits injected with strepto- 
cocci from the various members of Groups A, B, and C. 

from patients with systemic infections. The fact that the former do 
not produce lesions quite as frequently as the latter indicates a dif- 
ference between the organisms only in degree of virulence. 

Whether the lesions produced in rabbits by streptococci from per- 
sons who, aside from their alveolar abscesses, are in perfect health, 
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warrant the conclusion that these persons would develop similar con- 
ditions were the foci of infection not removed, is a question which 
cannot be satisfactorily answered. Many of them, at any rate, are well 
past middle age and otherwise in good health. 

There is here abundant evidence for and against the property of 
lective affinity on the part of streptococci. Therefore, one must con- 
dude that the localization of Streptococcus viridans cannot be deter- 
mined wholly by some property inherent in the organism itself. 



